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ABSTRACT: 

PURPOSE: To almost avoid the decrease in the inverted charge resultant from 
the 

residual polarization or the inversion of residual polarization by a method 
wherein aluminum oxide layer and metallic oxide layer are formed on the 
interfaces respectively between a lower electrode and a ferroelectric thin film 
and between an upper electrode and the ferroelectric thin film. 

CONSTITUTION- Within the title capacitor for non-volatile memory using a 
ferroelectric thin film 1 , a lower electrode 2 is formed on a semiconductor 
substrate 4 with an insulating oxide film 5 formed thereon by surface oxidizing 
process Next, the ferroelectric thin film 1 is formed on the lower electrode 
2 further to form an upper electrode 3 on the thin film 1 . The lower electrode 
2 especially comprises an alloy containing aluminum while an aluminum oxide 
layer 2a is formed on the interface between the lower electrode 2 and the thin 
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film 1 Furthermore, a metallic oxide layer 3a is formed on the interface 
between the upper electrode 3 and the thin film 1. Through these procedure 
the aluminum oxide layer 2a and the metallic oxide layer 3a can avoid the 
interdiffusion of the element and ions between the ferroelectric thin film 1 
and the metallic electrode 3 and 2 due to the inverted polarization. 
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J * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the capacitor for non-volatile memory which used the 

ferroelectric thin film. 

[0002] 

[Description of the Prior Art] In recent years, the demand of the miniaturization of a memory device and 
non-volatile-memory-izing has been growing increasingly with progress of highly -efficient-izing of a 
computer, and a miniaturization. Meanwhile, a big capacitor capacity is obtained as a capacitor of a 
memory device using the high dielectric constant, and polarization reversal can be performed, and the 
ferroelectric material which has a non-volatile by the hysteresis is expected greatly. 
[0003] The capacitor for non-volatile memory using the conventional ferroelectric thin film has 
composition which formed the lower electrode 2 in semiconductor substrate top 4 by which the 
oxidization insulator layer 5 was formed in the front face of scaling processing, formed the ferroelectric 
thin film 1 on the lower electrode 2, and formed the up electrode 3 on the ferroelectric thin film 1, as 
shown in drawing 5 . And platinum with a ferroelectric thin film and a lattice constant near [ the lower 
electrode 2 ] is mainly used, and, as for the up electrode 3, metals, such as platinum, gold, and 
aluminum, are used. This capacitor is applied to a nonvolatile memory device, the hysteresis nature of 
this ferroelectric thin film is used, and writing and read-out of the information by reversal of a 
remanence are performed. 
[0004] 

[Problem(s) to be Solved by the Invention] In the capacitor for non-volatile memory using the 
ferroelectric thin film, in order to memorize information using polarization reversal, the number of times 
which can be polarization reversed determines the life of a device. 

[0005] However, in the capacitor for non-volatile memory using a ferroelectric thin film like the above- 
mentioned conventional example, if reversal of the remanence of a ferroelectric thin film is repeated and 
is performed for writing and read-out of information when platinum is used for a lower electrode and 
metals, such as platinum, gold, and aluminum, are used for an up electrode, the counter diffusion of an 
element or ion will start between a ferroelectric thin film and an electrode metal. For this reason, there 
was a trouble that the remanence value of a capacitor decreased and the problem was in the life as a 
device for memory. 

[0006] Reference (Japanese Journal of Applied Physics Vol.30, No.9B, September, 1991pp.2159-2162) 
Polarization reversal will be 109 if it depends. Reduction of a remanence value is observed from the 
time grade, and the amount QSW of reversal charges accompanying reversal of a remanence is halved. 
This 109 When it applies to the nonvolatile memory device which performs writing and read-out of 
information, for example with the period of lOOmicroS in the capacitor which deteriorates in the 
polarization reversal cycle of a time, it becomes a life on abbreviation the 1st and is impractical. 
[0007] Then, even if the purpose of this invention performs 1013 polarization reversal or more needed 
for non-volatile memory, i.e., writing and read-out of information, it is to offer the capacitor for non- 
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volatile memory using the ferroelectric thin film which does not almost have reduction of the amount of 
reversal charges accompanying reversal of a remanence or a remanence. 

[° 008 ] J i . + , 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the capacitor tor non- 
volatile memory using the ferroelectric thin film concerning this invention In the capacitor for non- 
volatile memory which formed the lower electrode on the semiconductor substrate by which the 
oxidization insulator layer was formed in the front face of scaling processing, formed the ferroelectric 
thin film on the lower electrode, and formed the up electrode on the ferroelectric thin film It is 
characterized by for the lower electrode having consisted of an alloy containing aluminum, having 
formed the oxidizing zone of aluminum in the interface of a lower electrode and a ferroelectric thin film, 
and forming a metaled oxidizing zone in the interface of an up electrode and a ferroelectric thin film. 
[0009] 

[Function] According to the above-mentioned composition, since the oxidizing zone of the aluminum 
formed in the interface of a lower electrode and a ferroelectric thin film and the oxidizing zone of the 
metal formed in the interface of an up electrode and a ferroelectric thin film prevent the element 
between the ferroelectric thin film accompanying polarization reversal, and an electrode metal, and the 
counter diffusion of ion, reduction of the amount of reversal charges accompanying reversal of a 
remanence or a remanence hardly takes place. 

[0010] . . 

[Example] Hereafter, one example of this invention is explained using a drawing. As shown in drawin g 
I , the capacitor for non-volatile memory by this invention forms the ferroelectric thin film 1 by which 
the lower electrode 2 and the up electrode 3 were formed on the semiconductor substrate 4 by which the 
oxidization insulator layer 5 was formed in the front face, and has become the interface of the 
ferroelectric thin film 1 and the lower electrode 2, and the interface of the ferroelectric thin film 1 and 
the up electrode 3 with the composition in which the oxidizing zones 2a and 3a of each electrode metal 
were formed. 

[001 1] Specifically, the oxidization insulator layer 5 of a silicon oxide (Si02) is formed in the front face 
of the semiconductor substrate 4 which consists of silicon (Si) by scaling processing. On this oxidization 
insulator layer 5, the spatter of the nickel-alloy target which consists of (Nickel nickel) chromium (Cr) 
(aluminum aluminum) and iron (Fe) is carried out in air atmosphere, and the lower electrode 2 which 
consists of a nickel-alloy thin film of 0.1 - 0.5 -micrometer ** is formed. 

[0012] Then, if oxygen gas is introduced and it holds for about 10 minutes at the temperature of 400-600 
degrees C in 1-200-pascal oxygen atmosphere, as shown in the up front face of the lower electrode 2 at 
drawing 2 , aluminum deposits. This aluminum oxidizes and oxidi zing-zone 2a of an aluminum oxide 
(AlOX) is formed. Drawing 2 is the composition ratio distribution map of the element of the depth 
direction of composition by the Auger electron spectrometry of oxidizing-zone 2a of the semiconductor 
substrate 4, oxidization insulator layer 5, and aluminum shown in drawing 1 formed by the above- 
mentioned method. 

[0013] Next, the titanic-acid lead zirconate (it is described as Following PZT) thin film 1 which is 
ferroelectric material is formed by laser ablation on aluminum oxidizing-zone 2a (substrate 
temperature : 400-600 degrees C, oxygen pressure force : 1-200 pascals, thickness : 0.1-1 micrometer). 
Next, the nickel-alloy thin film of 20-100nm ** which is equivalent to the portion under the up electrode 
3 at the temperature of 400-600 degrees C is formed in 1-200-pascal oxygen atmosphere by laser 
ablation on the PZT thin film 1 . At this time, for oxygen atmosphere, this nickel-alloy thin film oxidizes 
and oxidizing-zone 3a of the aluminum oxide (AlOX) of several nm - 20nm of thickness is formed in 
the interface of the PZT thin film 1 and the up electrode 3. Then, oxygen gas is exhausted, laser ablation 
is continued and the up electrode 3 which consists of a nickel-alloy thin film of 0. 1-0. 5 -micrometer ** is 
formed. 

[0014] When voltage** 10VDC and the bipolar pulse of Smicro [ of pulse width ] S as shown in the 
capacitor (5x10 to 4 cm electrode area 2) of the PZT thin film created as mentioned above at drawing 3 
were impressed, it carried out by having repeated polarization reversal of a PZT thin film and the 
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amount QSW of reversal charges was measured, as shown in drawin g 4 , also in 1013 times of 
polarization reversal cycles, reduction of the amount QSW of reversal charges was hardly seen. 
[0015] When this capacitor is applied to the non-volatile memory which performs informational writing 
and read-out with the period of for example, lOOmicroS, 1013 times of polarization reversal cycles 
correspond in about 30, and non-volatile memory which is satisfactory practically can be realized. 
[0016] In addition, in the above-mentioned example, although PZT was used as a material of a 
ferroelectric thin film, you may use other ferroelectric material, such as a barium titanate. Moreover, 
although a lower electrode has a desirable alloy containing aluminum in order to form a reliable 
ferroelectric thin film efficiently on a silicon oxide, an up electrode should just contain the metal which 
is easy to make an oxide. 

[0017] Furthermore, this invention is not characterized by forming a metaled oxidizing zone in the 
interface of a lower electrode and a ferroelectric thin film, and the interface of an up electrode and a 
ferroelectric thin film, especially about the method of forming an electrode thin film and a ferroelectric 
thin film, is not limited and may form each thin film by the well-known various thin film forming 
methods from the former. 
[0018] 

[Effect of the Invention] Since the capacitor for non-volatile memory using the ferroelectric thin film 
concerning this invention prevents the element between the ferroelectric thin film accompanying 
polarization reversal in the oxidizing zone of the metal formed in the interface of a lower electrode and a 
ferroelectric thin film, and the interface of an up electrode and a ferroelectric thin film, and an electrode 
metal, and the counter diffusion of ion as explained above, reduction of the amount of reversal charges 
accompanying reversal of a remanence or a remanence hardly takes place. Therefore, when this 
capacitor is applied to a nonvolatile memory device, a long lasting nonvolatile memory device can be 
realized. Furthermore, effects, like the rapidity of the data writing and elimination resulting from the 
property of ferroelectric material, improvement in the accumulation density by big capacitor capacity, 
and radiation resistance are strong are acquired, and a reliable highly-integrated nonvolatile memory 
device can be realized. 



[Translation done.] 
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